Obstructive sleep apnoea syndrome (OSAS) has acute and chronic effects on the cardiovascular system. Both right and left sides of the heart are affected.
Introduction
Despite some basic limitations, the electrocardiogram (ECG) has evolved into an extremely useful practical means of recording the electrical behaviour of the heart (1). In obstructive sleep apnoea syndrome (OSAS), both right and left ventricles are subjected to haemodynamic stress. Systemic blood pressure or pulmonary arterial pressure, or both, increase during sleep with sleep-related apnoeas (2, 3) . This rise in systemic and pulmonary arterial pressure may persist during the day time (4, 5) .
The ECG shows electrical activity within the heart and it is expected to reflect the effects of these haemodynamic changes. Previous studies were concerned with ECG rhythm disturbances during sleep in OSAS (6). This study is interested in ECG wave patterns in these patients.
Patients and Methods
One hundred and ninety patients with OSAS, as suggested by history (snoring, night suffocation, morning headache, day-time somnolence etc.) and proved by full overnight polysomnographic study (EEG, EMG, EOG, pulse oximetry, respiratory effort, air flow), were included in the study (183 males and seven females), age 47 & 8 years). Data were collected continuously on a computerized system and the diagnosis of OSAS was considered when there were 2 10 apnoealhypopnoea h ~ I. Cases of OSAS with history or clinical evidence of underlying cardiopulmonary disease other than systemic hypertension were excluded. Overlap syndrome patients with history, clinical or spirometric evidence of chronic obstructive pulmonary disease (COPD) were excluded. Classical 12-lead ECG was done during the day time in the resting supine position. Electrodes for precordial leads were located as follows: V,, fourth interspace to the right of the sternum; V,, fourth left interspace; V,, midway between leads V, and V,; V,, fifth interspace at midclavicular line; V,, anterior axillary line at the level of lead 4; and V,, midaxillary line at the level of lead 4(7). Fifty healthy male control subjects, matched for age (45 & 9 years) with no history of snoring and no polysomnographic evidence of OSAS were included. Standard resting 12-leads ECG was done for them. Demographic and clinical data are shown in Table 1 . Fifty OSAS patients (26%) were overweight* and 62 patients (33%) were hypertensive?, while in the control group, five individuals (10%) were overweight and none were hypertensive.
*Body weight/ideal body weight 2 100%. tResting blood pressure > 145/90 mmHg. 
Results Table 1 demonstrates the main polysomnographic data of OSAS patients vs control group. respiratory disturbance index (RDI) in the OSAS group was 56 & 30.4 compared to 3 f 1 in the control group (P<O.Ol), oxygen desaturation rate (RO, desat.)$ was 0.49 * 0.24 in the OSAS compared to 0.09 & 0.02 in the control group (P<O.Ol), and day-time PaO, was 73.5 + 9.4mmHg in the OSAS group and 89.5 & 3.5 mmHg in the control group (PcO.01). Table 2 shows the specific ECG changes in the OSAS group. QRS voltage criteria of left ventricular hypertrophy were found in eight cases (4%). Only one of the other findings was found in 21 cases (ll%), two of them in 21 cases (1 l%), three in 61 cases (32%) four in 32 cases (17%) five in 26 cases (14%) and none in 26 cases (14%). Left anterior hemiblock was found in 135 cases (71%).
None of the above-mentioned findings were detectable in ECGs of the control group.
The most common pattern was SI, SaVf, and SV, with left axis (27%), SII, SIII, SaVf and SV, with left axis (12%) and SI, SII, SIII, SaVf and SV, with left axis (11%). Table 3 shows RDI, daytime PaO, and RO, desat. in cases of OSAS with or without ECG changes. The three variables were significantly different between the two groups (P<O.Ol).
$The mean fall in SaO,% in 20 deepest desaturation events was calculated.
The mean duration of these 20 events (in seconds) was calculated.
ROz desat. =f (percentage fall per second).
RDI
(events h ~ ') 56xk27" 13 f 1.5 RO, desat. (% s -') 0.49 zkO.2" 0.13 zko.05 Daytime PaO, (mmHg) 73.5 k 6.5* 87 f 7.5 *P value <O.Ol.
Discussion
It is generally accepted that the ECG can be used within limits to identify anatomical, metabolic, ionic and haemodynamic changes. ECG patterns have been described for various disease entities affecting left and right ventricles (8,9). In OSAS, haemodynamic changes affect both right and left ventricles, either acutely with apnoeic episodes (2,10,11) or chronically during the day time (4,12,13). The ECG is a record of potential differences in the precordial electrical field, and is likely to reflect the extent to which the heart is affected by OSAS-related haemodynamic and physiological disturbances. Resting ECG was measured in 190 OSAS patients with no other cardiopulmonary diseases to avoid any overlap defects. In 169 cases (89%), there were specific ECG changes. ECGs for 50 control subjects, matched for age and including 10 overweight subjects but with no night breathing disorders, showed none of these changes.
The most common finding of the ECGs of the study population was terminal S wave in lateral chest leads V, and V, (79% of cases). Exaggeration of S wave occurs as the final order of activation is directed to the right. An early change in patients developing pulmonary hypertension is hypertrophy of cristasupraventricularis, at the posterior wall of the right ventricular outflow tract. Due to the location of the crista, the electrical forces during depolarization are directed superiorly and to the right. Unopposed or inadequately opposed late and slow depolarization of hypertrophied crista may also be responsible for wide S waves in leads I, II and III that were common in the study population.
Pulmonary hypertension is not an uncommon complication of OSAS independent of other contributing factors including day-time hypoxaemia (5), although the degree of pulmonary hypertension is often greater in OSAS patients with day-time hypoxaemia (13).
In this, study, such ECG changes were most prevalent in OSAS patients, with polysomnographic evidence of more advanced disease and lower daytime PaO,.
With progression of pulmonary hypertension, other features of right ventricular strain would be expected. Some of these features were detectable in a minority of the present cases: right axis in 6% of cases, RBBB 5%, QR in Vi 4%. These cases had features of advanced disease (RDI 60 f 10, RO, desat. 0.72 f 0.12 and daytime PaO, 61 f 7.7 mmHg).
A slightly left axis of the QRS complex between -45 and -90" was present in about 70% of cases. This finding, together with RS pattern and deep S wave in leads II, III and aVf, may virtually present the feature of left anterior fascicular block with deep S waves reflecting activation of posterobasal segments of the left ventricle (1,4). Prominent S wave in V, and V, may also be features of left anterior fascicular block, reflecting a superior orientation of the mean left ventricular vector.
Left axis deviation with other features of left anterior hemiblock may be ascribed to extreme obesity with elevated diaphragm.
However, this factor can not, independently, explain all of the present cases as only 26% of the study population were overweight. Additionally, the pattern was persistent after deep inspiration with downward movement of the diaphragm. Overweight individuals in the control group (5%) did not show ECG changes. Obese patient with such ECG findings may virtually present missed cases of OSAS.
Although an increase in left ventricular wall thickness may occur in OSAS in response to systemic hypertension, even independent of resting daytime blood pressure (15) QRS voltage criteria for systemic hypertension were only detectable in this study in eight of 63 hypertensive OSAS patients.
This study clearly demonstrates a significant difference in polysomnographic values and daytime arterial oxygen tension between OSAS patients with ECG findings and those without (P<O.Ol); the latter had the mildest form of disease, This allows one to speculate that the ECG findings are probably the result of OSAS. In conclusion, it is possible that, with the progress of OSAS, there is evolution of an unusual ECG pattern which is diagnostic and peculiar for the disease.
